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The invention concerns a method for heat 
treatment of carbon materials and especially 
carbon black in a plasma process for increased 
order in the nanostructure, i.e. an increased 
degree of graphitization in the carbon black 
particles. The process consists in an upgrading of 
commercial carbon black qualities and non- 
graphitic carbon materials. The heat treatment is 
conducted in a plasma zone where the residence 
time and power supplied are controlled in order to 
ensure that the carbon material does not 
sublimate. Thus the carbon which is supplied to 
the plasma zone is prevented from being 
transformed and reformed into a new product. 
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Heat treatment of carbon materials 

The invention concerns a method for heat treatment of carbon materials and 
especially carbon black in a plasma process for increased order in the nano- 
structure, i.e. an increased degree of graphitization, in the carbon black 
5 particles* The process consists in an upgrading of commercial carbon 

qualities. The heat treatment is performed in a plasma zone where residence 
time and the power supplied are controlled to ensure that the carbon material 
does not sublimate, thereby preventing the carbon from evaporating and being 
transformed into a new product 

10 The microstructure in carbon black particles is composed of small crystallite 
areas in a turbostratic order, i.e. parallel layers rotated but not ordered around 
the c-axis. The graphitic layers are concentrically ordered towards the particle 
surface, Le. parallel orientation, with an increasing degree of disorder in 
towards the centre of the particles, 

15 The crystallite dimension is defined by Lc, La and d 002 respectively, Lc is 
the crystallite size in the c-direction, i.e. height, and is the average stacking 
height of graphitic layers. La is the size or spread of the layers and represents 
the average diameter of each layer, d 002 is the distance between the 
graphitic layers. 

20 Crystallite dimensions measured by X-ray diffraction for carbon black 
produced by known conventional processes are specified in Table L 

Structural properties of carbon black determined by X-ray diflxaction (nm) 

Table 1 



Quality 


La 


Lc 


d002 


Graphite as ref. 






0.335 


Thermal Black 


2.8 


1.7 


0.350 


Channel Black 


1.9 


1.4 


0.353 


Furnace Black 


2.0 


1.7 


0.355 


Acetylene Black 


2.7 


2.6 


0.343 
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It is known that heat treatment alters the degree of order in the nanostructure 
in the carbon black particles. The crystallite size increases through increased 
average diameter (La) of the graphitic layers and through increased average 
layer height (Lc), The distance between the graphitic layers (d 002) is 
5 reduced. 

Heat treatment of carbon black conducted at temperatures just over 1000*C 
has an effect on nanostructure and morphology. Raising the temperature to 
2700*C or higher has a powerful effect on the order of graphitic layers and 
the growth of crystallites reaches a level corresponding to the data for 
10 Acetylene Black. 

Heat treatment methods are known which consist in heating in an induction 
furnace in an inert gas atmosphere to a temperature between 1 100°C and 
2400°C with a residence time from a few minutes to several hours. 

In US 4 351 815 there is disclosed a method for heat treatment of carbon 
15 black m a furnace with two heat zones. In the first zone it is heated to a 
temperature between 565°C and760°C in order to convert any oxygen 
present to carbon dioxides and in the second zone it is heated to a 
temperature between 1400°C and 2400°C. The heat treatment time can vary 
from 9 sec. to 10 minutes. 

20 In DD 292 920 there is disclosed a method for producing superior carbon 
black from inferior carbon black in a plasma reactor. Enthalpy of at least 
3 kWh/kg is induced into the raw material at a reaction time between 0.1 and 
1 sec., thus causing the carbon to be completely or partially sublimated. It is 
present in the form of gaseous carbon, and the process therefore has to be 

25 characterized as a transformation of the raw material and not a heat treatment 
process. 

In WO 94/17908 there is disclosed a method for transforming carbon 
materials such as carbon black and graphite with an unsatisfactory 
nanostructure in a plasma reactor. An energy of between 40 kW/h and 150 
30 kW/h is supplied to the raw material with a residence time in the reaction 
chamber of between 2 and 10 sec. The process has to be characterized as a 
transformation of the raw material and not a heat treatment process. 
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The object of the present invention is to provide an improved method for heat 
treatment of carbon materials and especially all types of carbon black in order 
to obtain an increased order in the nanostructure. This order in the nano- 
structure can be determined by standard test methods such as microscoping 
5 and by X-ray diffraction, 

A further object of the invention is upgrading of commercial carbon black 
qualities, and another object is upgrading of carbon materials of a non- 
graphitized type which, e.g., are used as electrode materials. 

Yet a further object is to be able to use the invention in order to attain special 
10 qualities which have not been produced hitherto or which can be difficult to 
produce by known production processes without the use of expensive raw 
materials such as acetylene. 

A further object of the invention is to provide a method which can treat large 
amounts of raw materials in a short time thus making the process 
15 economically viable. 

The above objects are achieved with a method which is characterised by the 
features presented in the patent claims. 

In the known conventional methods for heat treatment the residence time for 
the raw material in the fiirnace is from 10 sec. to several hours. Such 

20 processes cannot treat large volumes in a short time and are therefore not a 
profitable undertaking. TTie surprising discovery has been made that the heat 
treatment time for carbon particles such as carbon black can be drastically 
reduced. By means of heat treatment in a plasma process, i.e. in a plasma 
zone, the same order of the graphitic layers is achieved as during heating in a 

25 furnace. 

In a plasma zone, however, an increased order in the nanostructure is already 
achieved after a residence time in the range of 0-5 to 0.1 sec. or shorter. It 
has been shown that even a residence time of 0.05 sec. or shorter is sufficient 
to achieve a satisfactory order in the nanostructure. Thus a profitable method 
30 is provided, since a large volume can be treated in a short time. 
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This kind of heat treatment can be performed in a plasma zone which is 
created in a plasma torch where an electric arc burns between electrodes, or 
hi a plasma zone which is created by induction heating, e.g. high frequency 
heating of a gas. 



5 Various carbon materials such as coal, coke, etc. can be heat treated, but first 
and foremost specific carbon black qualities in order to obtain a special 
quality. The carbon particles are fed into the plasma zone by means of a 
carrier gas, This carrier gas may also be the plasma gas. 

An inert gas such as Ar or N2 can be used as the carrier or plasma gas. A 
10 reducing gas such as H2, or a process gas which can be a mixture of H2 + 
CH4 + CO + C02 can also be used. A combination of these gases may also 
be employed. 

The invention will now be explained in more detail by means of an 
embodiment which is illustrated in a purely schematic form in fig. 1 which 
15 illustrates the principle of the design of a plasma torch with supply of a raw 
material to the plasma zone. The drawing illustrates the basic concept of a 
plasma torch, thus enabling a person skilled in the art to develop the technical 
solutions by the use of well-known means. 

The plasma torch can be of conventional design. One design is described in 
20 Norwegian patent no. 174450 = PCT/NO92/00195 * WO 93/12633 from the 
same applicant This plasma torch is intended for energy supply to chemical 
processes. 

The plasma torch illustrated in figure 1 is designed with an external electrode 
1 and a central electrode 2. The electrodes ate tubular in shape and are placed 

25 coaxially inside each other. The electrodes are solid and made of a material 
with a high melting point with good electrical conductivity such as graphite. 
Cooled metal electrodes may also be used. The electrodes can be supplied 
with either direct current or alternating current. Around the electrodes in the 
area of operation of the electric arc there is placed a coil 3 which is supplied 

30 with direct current, thus forming an axial magnetic field. 

The plasma gas can be supplied through the annular space 4 between the 
electrodes. The plasma gas can also be the carrier gas for the carbon particles. 
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The carbon particles are thereby passed through the electric arc, thus ensuring 
that they receive uniform exposure in the plasma zone 9. The residence time 
for the carbon black particles in the plasma zone 9 can be set on the basis of 
the rate of gas flow for the plasma gas. 

5 The carrier gas containing the carbon particles may be supplied through a 
boring 5 in the central electrode 2 or through a separate supply pipe 6 which 
is located coaxially in the central electrode 2. A design of a supply pipe is 
described in Norwegian patent no. 174 180 = PCT/NO92/00198 • 
WO 93/12634 from the same applicant This supply pipe is movable in the 

10 axial direction for positioning of the outlet in relation to the plasma zone 9. 
The residence time for the carbon black particles in the plasma zone 9 can 
thereby be set on the basis of the rate of gas flow for the carrier gas and by 
means of the position of the supply pipe in relation to the plasma electric arc. 

As a third alternative the carrier gas containing the carbon particles may be 
15 supplied through one or more supply pipes 7 at and under the electric arc 
zone 9. Several supply pipes can be located along the circumference of the 
reactor chamber 8 at different levels at increasing distances from the plasma 
torch's electrodes 1,2. The residence time for the carbon black particles in the 
plasma zone 9 can thereby be set depending on which supply pipes are used 

20 High temperature plasma is formed by means of the gas which is heated by 
the electric arc which burns between the electrodes. In a plasma zone of this 
kind extremely high temperatures are reached, from 3000°C to 20 000°C, and 
it is in this zone that the heat treatment is performed. 

The plasma torch is provided in connection with a reactor chamber 8 where 
25 the heat-treated material can be cooled, e.g. by the supply of cold plasma 
gas/carrier gas, which is thereby heated and can be recycled and used for 
energy supply. In addition to or as a part of the cooling gas special 
substances can be added in order to obtain certain chemical functional groups 
on the surface of the carbon particles. Such substances can be supplied in an 
30 area where the temperature has dropped to a specific level. Such substances 
may also be supplied in a succeeding chamber. 

The rest of the equipment is of a known conventional type which includes 
cooler, as well as separating equipment which may consist of a cyclone or 
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filter device where the carbon is separated A design of such an arrangement 
is described in Norwegian patent no. 176 968 = PCT/NO93/00057 - 
WO 93/20153 from the same applicant 

The process is highly intensive and free of impurities. The process can be 
5 conducted as a continuous process or it can be employed intermittently. The 
process can be used in connection with an existing process, eg. an oil 
furnace process or a plasma process. It can also be used integrated in a 
plasma process for the production of carbon black developed by the same 
applicant and described in Norwegian patent no. 175 718 - 
10 PCT/NO92/00196 - WO 93/12030 . In this process hydrocarbons are 

decomposed by means of the energy from a plasma torch into a carbon part 
and hydrogen which is fed into subsequent stages in a reactor chamber with 
temperature zones for regulation and control of the quality of the products 
obtained. In the reactor one or more additional plasma torches can be 
15 installed where a heat treatment process according to the invention can be 
performed on the created carbon black. 

An gross enthalpy from 1 to 10 kWh/kg, preferably from 2 to 6 kWh/kg, is 
induced in the carbon black particles which have residence time in the plasma 
zone in the range of 0.5 to 0.01 sec., preferably less than 0.1 sec. and 
20 especially less than 0.07 sec. This gives the carbon black particles a 

temperature up to but not over the sublimation temperature for carbon which 
is 3700°C. 

The gross enthalpy which is induced gives an increase in the system's total 
energy. Both heating of carbon black, plasma gas and carrier gas as well as 
25 heat loss are included in the gross balance. In order to prevent carbon black 
from evaporating/sublimating, it must not be heated to temperatures over 
3700°C. 

The total energy supplied to a carbon black particle can be expressed by the 
equation; AG = AH - TAS 

30 where AG - Gibbs free energy = total supplied energy 

AH = enthalpy - heat energy 

T = temperature in K 

AS = entropy 
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Enthalpy data for carbon state that AH can be around a maximum of 
2 kWh/kg m order to keep the temperature below 3700°C. The reason why 
the supply of more energy does not cause evaporation is that heat treatment 
provides a more ordered structure which in turn means that the entropy of the 
5 particles declines. Thus it will be possible for AH in the equation above to be 
below 2 kWh/kg even though the supplied energy (AG) is greater than 2 
kWh/kg. 

The residence time should be understood as the time elapsed when the 
carbon black particles are exposed in the initial transfer stage for energy 

10 absorption in or at the plasma zone or the electric arc zone. The carbon 

particles have a high degree of emissivity, e>0.9, and in the course of a very 
short time which can be measured in milliseconds, they reach a temperature 
of over 3000°C due to heat radiation from the electric arc and possibly also 
from the electrodes, to the course of a very short time the carbon particles 

15 transfer some of their absorbed energy to the plasma gas and/or carrier gas by 
means of heat radiation and heat conduction. The pl asma gas and the carrier 
gas have low emissivity, e<0.1, and thus the resulting temperature of the 
carbon black particles and the plasma gas/carrier gas reaches a level lower 
than 2O0O°C The enthalpy induced and the residence time are adjusted to 

20 ensure that the carbon particles do not reach a temperature which is so high 
that they sublimate, that is the temperature must be kept below 3700°C. 

Figure 2 shows a diagram for the temperature reached by the carbon particles 
and the plasma gas/carrier gas in a plasma zone as a function of time. The 
solid line shows the temperature as a function of time for the carbon particles 
25 and the dotted line shows the temperature as a function of time for the 

plasma/carrier gas at a given gross enthalpy in the range of 5 kWh/kg carbon 
black. 

Table 2 shows values for La, Lc and d 002 together with residence time and 
enthalpy for various qualities of carbon black before and after heat treatment 
30 with the above-mentioned parameters in a plasma zone and with the use of 
different types of plasma gas. 
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During the heat treatment chemical functional groups and impurities which 
are attached or bound to the surface of the carbon particles will be reduced or 
removed. The heat treatment leads to a dramatic reduction in the surface 
activity related to liberation of chemically bound hydrogen, from a level of 
5 2500 ppm to approximately 100 ppm or lower. 

In order to achieve special chemical functional groups on the surface of the 
carbon particles, special substances can be added to the plasma gas and/or 
carrier gas. These can be oxidizing media such as C02, CO, 02, air and H20 
or reducing media such as H2, halogens, acids, etc. 

10 Carbon black heat treated according to the method in the invention can be 
compared to carbon black heat treated for several hours in an induction 
furnace. Table 3 shows values for La, Lc and d 002 for one type of carbon 
black before and after heat treatment in an induction flirnace and the same 
carbon black after heat treatment in the plasma process according to the 

15 invention. 

Structural properties for carbon black determined by X-ray diffraction (nm) 



Table 3 



La 



Lc 



d002 



Untreated caibon black 



4.0 



2.2 



0.355 



20 



Heat-treated in 
induction furnace 



7 



5 



0.341 



Heat-treated in 

plasma zone 8.2 8 0.341 
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Process data for heat treatment in a plasma zone: 

Plasma generator and reactor chamber as described. 

Feed material: Carbon black lOkg/h 

Carrier gas: Ar 3 Nm3/h 

5 Plasma gas: Proems gas: 3 Nm3/h 

Reactor pressure: 2 bar 

Enthalpy induced: 2.9 - 4.8 kWh/kg 

Residence time: 0.09 sec. 

The process gas consists of: 50% H2, 1.5% CH4, 48% CO and 1.5% C02. 

10 The temperature reached by the carbon particles in the plasma zone is lower 
than 3700*C and the resulting temperature for carbon black and gases is 
approximately 2000°C. 

Table 4 shows values for La, Lc and d 002 for a quality carbon black before 
and after heat treatment in a plasma zone according to the invention where 
15 two different plasma gases are employed. 

Structural properties for carbon black determined by X-ray diffraction (nm) 



Plasma gas 
At 

Process gas 







Table 4 






La 


Lc 


d002 


Before heat treatment 


4 


2.2 


3.55 


After heat treatment 


6.5 


4.8 


3.43 


After heat treatment 


6.6 


4.8 


3.44 



The effect of the heat treatment will be to provide improved properties in the 
materials where carbon black is used as an additive. Reference is made in the 
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following section to various products where special qualities of carbon black 
obtained by heat treatment according to the invention are employed. 

Dry cell batteries: 

In conventional dry cell batteries acetylene black or alternatively "special 
5 conductive black" qualities are employed. The latter are produced by the 
traditional "oil furnace process" followed by a known oxidizing or heat 
treatment stage. The use of special qualities gives an increase in the 
electrolyte capacity, better discbarge characteristics etc., with the result that 
these qualities exhibit properties which are close to but not on the same level 
10 as acetylene black. 

By means of the heat treatment according to the invention of traditionally 
produced carbon black qualities in a plasma zone a further degree of order is 
obtained in the nanostructure, thus enabling values to be achieved which are 
equal to or higher than those which are measured for acetylene black. 

15 

Electrically conductive carbon black: 

A scries of carbon black qualities such as "conductive", "super conductive" 
and "extra conductive" have been developed for specific applications. These 
provide electrically conductive and antistatic properties to polymer mixtures 
20 even when added in small amounts. These carbon black qualities give 
optimum conductivity as they possess high structure, high porosity, small 
particle size and a chemically pure surface. For these qualities a heat 
treatment according to the invention provides an even better degree of 
conductivity. 

25 Traditional carbon black qualities which are employed, e.g., as additives in 
rubber can be upgraded in the same way to "conductive black". A heat 
treatment in a plasma 2one according to the invention will clean the surface 
of oxides and impurities and optimize the internal conductivity in the carbon 
black particles by providing a greater degree of graphitization. 

30 Non-graphitic carbon materials such as anthracite, petrol coke, tar coke and 
others can be treated according to the method according to the invention. 
Such carbon materials are, e.g., frequently used as electrodes and in fireproof 
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production after a graphitization process involving heat treatment in a 
calcination furnace. A heat treatment according to the invention offers an 
alternative to the traditional calcination process and will bring the average 
distance between the graphitic layers, d 002, from a value of 0.344 nm down 
5 to a level of 0.335 nm as in graphite. 

In fuel cell technology heat treatment of the electrode material will be an 
appropriate process. In phosphoric acid (PAFC) and solid polymer fuel cells 
(SPFC) graphite is used with a platinum catalyst as anode and cathode. In 
this context it is important that the electrodes have good electrical 
10 conductivity. By means of heat treatment of carbon materials according to 
the invention the increased degree of graphitization achieved through 
increased order in the nanostructure will entail an increase in the electrical 
conductivity of the material. 

Thermally conductive carbon black: 

15 Good thermal conductivity is desirable in polymer mixtures in order to avoid 
heat build-up and overheating and carbon black with good thermally 
conductive properties plays a substantial role in achieving this. It is known 
that the basic property of carbon black which contributes to this effect is a 
high degree of order, Le. graphitization, with acetylene black as the best in 

20 this respect 

Heat treatment in a plasma zone according to the invention will provide this 
effect to all known traditional carbon black qualities. 
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1 . A method for heat treatment of carbon materials, especially carbon 
black, in order to obtain increased order in the nanostructure in the carbon 
black particles, wherein carbon black is fed into a plasma zone by means of a 
5 carrier gas, 

characterized in that the heat treatment takes place in a plasma zone (9) at a 
temperature of carbon black which is lower than 370O°C, that a gross 
enthalpy from 1 to 10 kWh/kg is induced in the carbon black particles and 
that a residence time is employed in the range of 0-5 sec, to 0.01 sec. 

10 2. A method according to claim 1, 

characterized in that an enthalpy preferably from 2 to 6 kWh/kg is induced in 
the carbon blade particles. 

3. A method according to claim 1, 

characterized in that the residence time for the carbon blade particles in the 
15 plasma zone (9) is preferably less than 0.1 sec., particularly less than 
0.07 sec. 

4. A method according to claim 1, 

characterized in that the ratio of residence time to enthalpy in the plasma 
zone (9) is set in such a manner that the carbon black particles are kept at a 
20 temperature lower than 3700*C, thus preventing sublimation. 

5. A method according to claim I, 

characterized in that in order to obtain chemical functional groups on the 
surface of the carbon particles, an oxidizing medium such as C02, CO, H20, 
air or 02 or a reducing medium such as H2 or halogens or acids are used as 
25 plasma and carrier gas or are added to plasma and carrier gas. 

6. A method according to claim 1, 

characterized in that the residence time for the carbon black particles in the 
plasma zone (9) is adjusted by controlling the rate of gas flow for the plasma 
gas/carrier gas or by controlling the rate of gas flow for carrier gas and by 
30 the position of the supply pipe (6) in relation to the plasma zone or by the 
choice of supply pipe (7) which is used for introduction of carbon black and 
carrier gas. 
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. t AMENDED CLAIMS 

irecelved by the International Bureau on 15 December 1996 {15 12 96)- 
original claims 1-6 replaced by new claims 1-6 (1 page)] ' ' 

1 • A method for obtaining increased order in the nanostructure in a 
carbon material, especially carbon black, wherein the carbon material is fed 
into a plasma zone by means of a carrier gas, 

characterized in that the carbon material is after-treated with a heat treatment 
in a plasma zone (9), 

that a gross enthalpy from 1 to 10 kWh/kg is induced in the carbon material, 
that a residence time is employed in the range of 0.1 sec. to 0.01 sec. 
and that the ratio of residence time to enthalpy in the plasma zone (9) is 
adjusted in such a manner that the carbon material is heated to a temperature 
which provides increased order in the nanostructure and which does not 
exceed 3700°C, thus preventing sublimation of the carbon material. 

2. A method according to claim 1, 

characterized in that an enthalpy from 2 to 6 kWh/kg is induced in the carbon 
material. 

3. A method according to claims 1 and 2, 

characterized in that the residence time for the carbon material in the plasma 
zone (9) is less than 0.07 sec. 

4. A method according to claims 1-3, 

characterized in that in order to obtain chemical functional groups on the 
surface of the carbon material, an oxidizing medium such as CO,, CO, H 2 0, 
air or 0 2 or a reducing medium such as H 2 or halogens or acids are used as 
plasma and carrier gas or are added to plasma and carrier gas. 

5. A method according to claims 1-4, 

characterized in that the residence time for the carbon material in the plasma 
zone (9) is adjusted by controlling the rate of gas flow for plasma gas and/or 
carrier gas or by controlling the rate of gas flow for carrier gas and by the 
position of the supply pipe (6) in relation to the plasma zone or by the choice 
of supply pipes (7) which are used for introduction of the carbon material and 
carrier gas. 

6. A method according to claims 1-5, 

characterized in that the after-treatment is conducted in connection with a 
production process. 
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PATENT CLAIMS 

1 . A method for heat treatment of carbon materials, especially carbon black, in order to obtain increased 
order in the nanostructure in the carbon black particles, wherein carbon black is fed into a plasma zone by 
means of a carrier gas, characterized in that the heat treatment takes place in a plasma zone (9) at a 
temperature of carbon black which is lower than3700"C, that a gross enthalpy from 1 to 10 kWh/kg is 
induced in the carbon black particles and that a residence time is employed in the range of 0.5 sec. to 0.01 
sec. 

2. A method according to claim 1 t characterized in that an enthalpy preferably from 2 to 6 kWh/kg is 
induced in the carbon black particles. 

3. A method according to claim 1, characterized in that the residence time for the carbon black particles in 
the plasma zone (9) is preferably less than 0.1 sec, particularly less than 0.07 sec. 

4. A method according to claim 1 , characterized in that the ratio of residence time to enthalpy in the 
plasma zone (9) is set in such a manner that the carbon black particles are kept at a temperature lower 
than3700"C, thus preventing sublimation. 

5. A method according to claim 1 , characterized in that in order to obtain chemical functional groups on the 
surface of the carbon particles, an oxidizing medium such asC02, CO, H20, air or 02 or a reducing 
medium such as H2 or halogens or acids are used as plasma and carrier gas or are added to plasma and 
carrier gas. 

6. A method according to claim 1 , characterized in that the residence time for the carbon black particles in 
the plasma zone (9) is adjusted by controlling the rate of gas flow for the plasma gas/carrier gas or by 
controlling the rate of gas flow for carrier gas and by the position of the supply pipe (6) in relation to the 
plasma zone or by the choice of supply pipe (7) which is used for introduction of carbon black and carrier 
gas. 

AMENDED CLAIMS [received by the International Bureau on 15 December 1996 (15.12.96); 
original claims 1-6 replaced by new claims 1-6 (1 page)] 

1. A method for obtaining increased order in the nanostructure in a carbon material, especially carbon 
black, wherein the carbon material is fed into a plasma zone by means of a carrier gas, characterized in 
that the carbon material is after-treated with a heat treatment in a plasma zone (9), that a gross enthalpy 
from 1 to 10 kWh/kg is induced in the carbon material, that a residence time is employed in the range of 
0.1 sec. to 0.01 sec. 

and that the ratio of residence time to enthalpy in the plasma zone (9) is adjusted in such a manner that 
the carbon material is heated to a temperature which provides increased order in the nanostructure and 
which does not exceed3700"C > thus preventing sublimation of the carbon material. 

2. A method according to claim 1, characterized in that an enthalpy from 2 to 6 kWh/kg is induced in the 
carbon material. 

3. A method according to claims 1 and 2, characterized in that the residence time for the carbon material 
in the plasma zone (9) is less than 0.07 sec. 

4. A method according to claims 1-3, characterized in that in order to obtain chemical functional groups on 
the surface of the carbon material, an oxidizing medium such as C02, CO, H20, air or 2 or a reducing 
medium such as H2 or halogens or acids are used as plasma and carrier gas or are added to plasma and 
carrier gas. 

5. A method according to claims 1-4, characterized in that the residence time for the carbon material in the 
plasma zone (9) is adjusted by controlling the rate of gas flow for plasma gas and/or carrier gas or by 
controlling the rate of gas flow for carrier gas and by the position of the supply pipe (6) in relation to the 
plasma zone or by the choice of supply pipes (7) which are used for introduction of the carbon material 
and carrier gas. 
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6. A method according to claims 1-5, characterized in that the after-treatment is conducted in connection 
with a production process. 
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